ABSTRACT. Coutts, A.J., A.J. Murphy, and B.J. Dascombe. Effect of direct supervision of a strength coach on measures of muscular strength and power in young rugby league players. J. Strength Cond. Res. 18(2):316-323. 2004.-The purpose of the present study was to examine the influence of direct supervision on muscular strength, power, and running speed during 12 weeks of resistance training in young rugby league players. Two matched groups of young (16.7 Ϯ 1.1 years [mean Ϯ SD]), talented rugby league players completed the same periodized resistance-training program in either a supervised (SUP) (N ϭ 21) or an unsupervised (UNSUP) (N ϭ 21) environment. Measures of 3 repetition maximum (3RM) bench press, 3RM squat, maximal chin-ups, vertical jump, 10-and 20-m sprints, and body mass were completed pretest (week 0), midtest (week 6), and posttest (week 12) training program. Results show that 12 weeks of periodized resistance training resulted in an increased body mass, 3RM bench press, 3RM squat, maximum number of chinups, vertical jump height, and 10-and 20-m sprint performance in both groups (p Ͻ 0.05). The SUP group completed significantly more training sessions, which were significantly correlated to strength increases for 3RM bench press and squat (p Ͻ 0.05). Furthermore, the SUP group significantly increased 3RM squat strength (at 6 and 12 weeks) and 3RM bench press strength (12 weeks) when compared to the UNSUP group (p Ͻ 0.05). Finally, the percent increase in the 3RM bench press, 3RM squat, and chin-up max was also significantly greater in the SUP group than in the UNSUP group (p Ͻ 0.05). These findings show that the direct supervision of resistance training in young athletes results in greater training adherence and increased strength gains than does unsupervised training.
INTRODUCTION
S trength and conditioning coaches play an important role in athlete preparation. In particular, the strength and conditioning coach may provide support to the athlete in the form of technique analysis and modification, motivation, goal setting, and psychological reinforcement during training (5) . However, while it is generally accepted that an effective strength and conditioning coach plays an important role in improving athletic performance, few studies have directly measured the influence of coaching or supervision on physiological changes or athletic performance. This is also an important consideration to make when interpreting research. In particular, it may be difficult to determine whether the physiological and performance changes reported in previous studies are due to the type and level of supervision of training.
To date, there has been 1 published study that has examined the influence of one-on-one personal trainer supervision during a 12-week periodized resistance-training program (19) . These investigators compared the changes in physical and strength characteristics between matched groups of supervised (SUP) and unsupervised (UNSUP) highly motivated male strength trainers. Results from this previous study showed that the SUP group recorded significantly increased squat and bench press maximal strength when compared to the matched UNSUP group. There were no significant changes between the groups in vertical jump and body mass measures. Both the SUP and UNSUP groups completed the same amount of training in terms of sets and repetitions; however, the SUP group trained with heavier training weights. The investigators suggested that the increases in strength were attributable to the increased training intensities completed by the SUP group. It was suggested that the increased motivation and competitiveness provided by the personal trainers facilitated increased training intensity and strength development. The findings of this recent study are important for both strength coaches working in an applied setting and researchers working in a clinical setting, as they show that the level of supervision during resistance training can influence strength performance and physiological measures. It is recommended that the level of supervision for athletes be modified according to experience and lifting ability of the athlete (1, 2, 8, 14) . For example, it is the position of the National Strength and Conditioning Association (NSCA) that the athlete-to-supervisor ratio be 1:10 for junior high school athletes, 1:15 for high school athletes, and 1:20 for experienced college athletes (8) . However, although the NSCA has developed recommendations for the supervision of resistance training, at present, there is a paucity of data on the influence of supervision on physiological and performance changes with resistance training in both the research and field settings. Furthermore, although the NSCA recommends that young athletes complete strength training while under the supervision of a qualified strength and conditioning coach (8, 10) , the influence of supervision on performance in young athletes has not been examined. Therefore, the purpose of this study was to examine the influence of di- rect supervision on muscular strength, power, and running speed during a 12-week resistance-training program with young rugby league players.
METHODS Experimental Approach to the Problem
There is limited information on the influence of supervision during strength training on physiological and performance changes both in the applied sports training setting and during scientific research studies. The hypothesis of the current study is that supervised resistance training leads to increased muscular strength and power in young athletes. The present research examined the changes in various physiological and performance measures of strength and power in 2 matched groups of young rugby league players. Each group completed the same 12-week resistance-training program (a) under the supervision of a trained strength and conditioning coach, or (b) without direct supervision. Statistical analyses of pretraining and posttraining measures allowed us to evaluate the influence of supervision on changes in physiological and performance measures during the same 12-week resistance-training program.
Subjects
Forty-two healthy young (16.7 Ϯ 1.1 years [mean Ϯ SD]) male rugby league players participated in the study (21 subjects in both years of the study). All subjects were talented players and were participating in a regional rugby league development program. Table 1 shows the subjects' physical characteristics. Prior to the commencement of the study, all players received a clear explanation of the study that informed them of all risks and benefits associated with participation, and informed consent was obtained both from the players and their legal guardians. Central Queensland University Human Ethics Review Panel approval was given for all experimental procedures.
Experimental Procedures
Study Design. Two independent groups of talented rugby league players that were carefully matched for age, training history, and physiological characteristics completed the same resistance-training program in either a SUP or an UNSUP training environment ( Table 1 ). The SUP group completed training 12 months after the UNSUP program. Physiological testing was completed pretest (week 0), midtest (week 6), and posttest (week 12) training program using standardized equipment and procedures. The performance and physiological tests included a 3RM bench press, a 3RM squat, a maximal number of chin-ups (chin-up max ), a vertical jump, 10-and 20-m sprints, and body mass measures. These performance and physiological tests were selected because they are commonly used to monitor changes in strength and power in young rugby league players (6, 13) . Reliability data were collected for each of the dependent variables prior to the training program.
Familiarization. In the week prior to the commencement of the training period, all subjects were screened for contraindications to exercise and gave informed consent. At this time, all subjects were assessed for physical characteristics and muscle strength and power, were coached on proper lifting techniques, and were instructed on the important parameters of the training program. Factors such as exercise technique, equipment use, exercise order, lifting tempo, rest periods between sets, and program progression were carefully explained. Later educational sessions were also presented to each group of subjects after 6 weeks of training. These education sessions were used to reinforce basic strength-training principles.
Resistance-Training Program. Each group was prescribed the same 12-week periodized resistance-training program during the study. Training was completed 3 days per week on Monday, Wednesday, and Friday for both groups. The resistance-training exercises prescribed during the study are shown in Table 2 . The weight on the bar for core exercises was calculated according to the methods suggested by Baker (3) in both training periods. The players were encouraged to adjust these weights if they were too heavy or too light. When training loads were altered, players were instructed to inform the chief investigator. A detailed description of the resistancetraining periodization is shown in Table 3 .
Training Supervision. During the UNSUP-training period, all resistance-training sessions were supervised by a team manager who was not trained in strength and conditioning coaching. The role of the manager during this period was to monitor training attendance and program administration. All training sessions were completed in the same 3 commercial fitness centers where gym instructors were available for technical feedback and in- struction when requested. The mean attendance during this training period was 84.7 Ϯ 15.1% of all sessions. Twelve months following the commencement of the first training period, the SUP group completed the same periodized resistance-training program under the direct supervision of a trained strength and conditioning coach (Australian Strength and Conditioning Association, Level One). The coach-to-athlete ratio was 1:7. The attendance during this training period was 94.5 Ϯ 5.1% of all sessions. No injuries occurred in any of the subjects during the completion of this study.
Physiological Assessment
Anthropometry. Body mass was measured postmicturition using electronic scales (Mercury, Australia) accurate to 50 g. The same scales were used on each testing occasion. Each subject's height was measured by a trained anthropometrist using a standard stadiometer (Blaydon Stadiometer, Lugarna, Australia). The stretch stature method was used with the subject's feet together and the heels, buttocks, and upper part of the back touching the scale with the subject's head when placed in the Frankfort Plane (25) .
Vertical Jump. Vertical jump height was assessed using a Vertec jumping device (Sports Imports, Columbus, OH). Each subject stood side-on to the Vertec with his heels placed on the ground. Prior to each test jump, the subjects were asked to reach upward as high as possible, fully elevating the shoulder to displace the zero-reference vane. The take-off was from 2 ft with no preliminary steps or shuffling. An arm swing and a countermovement were used, with the subject jumping as high as possible, displacing the vane. The height of the jump was calculated as the distance from the highest vane reached and the zero-reference vane. Each subject performed 3 trials, and the best of these trials was recorded. The reliability of vertical jump measures for this laboratory was high (intraclass correlation coefficient [ICC] r ϭ 0.97; percent technical error of measurement [TEM%]: 2.12).
Muscle Strength Testing. Muscle strength testing included a standardized warm-up that was followed by a 3RM parallel squat, a 3RM bench press, and a chin-up maximum (chin-up max ). The 3RM tests were chosen in preference to the 1RM as a measure of strength because of the relative inexperience of the subjects and also because previous normative data for young rugby league players exist for these measures (12) . The 3RM parallel squat and bench press testing procedures included 2-3 warm-up sets of 5-8 repetitions with light-to-moderate resistance. A successful parallel squat required the thigh to descend to a parallel position in which the trochanter head of the femur was in the same horizontal plane as the superior border of the patella (23) . A successful bench press required the bar to be slowly lowered to the chest of the subject and returned to full extension of both elbow joints. The subjects were required to keep their hips and feet on the bench and floor, respectively, at all times during each lift attempt. The reliability of the parallel squat (ICC: r ϭ 0.96; TEM%: 2.32) and bench press (ICC: r ϭ 0.98; TEM%: 1.46) measures for this group was high.
The chin-up max test was completed at least 10 minutes after the bench press test. During this test, the subjects were instructed to attempt as many full, unassisted chinups as possible until volitional fatigue. Each chin-up was completed on a horizontal bar raised 2.5 m above the floor. A successful chin-up required the subject to start with his chin above the horizontal bar and to lower his body until full extension in both elbows and then lift his body weight until his chin returned to the starting position. If assistance was offered by a spotter during any lifting attempt, then the subject was instructed to stop. Subjects were allowed 3 chin-up max trials, and the highest number of repetitions was recorded. The reliability of the chin-up max test (ICC: r ϭ 0.99; TEM%: 2.57) for this group was high.
Speed. Running speed was assessed by 10-and 20-m sprint times using electronic timing gates (Swift, Goonellabah, Australia). Timing gates were positioned in a straight direction at 10 and 20 m from a marked starting point. On an audible command, the players sprinted as quickly as possible along the 20-m course. Time to cover the 10-and 20-m distances was measured to the nearest 0.01 second, with the faster of 2 trials being recorded. The reliability of the 10-m (ICC: r ϭ 0.91 and TEM% 2.02) and the 20-m (ICC: r ϭ 0.91 and TEM% 1.86) sprint tests was high.
Statistical Analyses
The means and SD were calculated for each of the dependent variables. The data were analyzed using a two-way analysis of variance (ANOVA) with a repeated-measures design, and a Tukey honestly significant difference post hoc comparison was applied to determine significant differences over time. A one-way ANOVA was used to determine significant differences between the groups in percent change. Pearson correlation coefficients were determined for selected variables. The SPSS statistical software package, version 11 (SPSS Inc., Chicago, IL), was used for statistical calculations. The level of significance was set at 0.05.
RESULTS

Training
The UNSUP group completed significantly fewer training sessions (55.9 Ϯ 10.0 sessions) than the SUP group (62.4 Table 4 shows the body mass changes in both groups during the 12 weeks of resistance training. During the 12 weeks of resistance training, the body mass was significantly increased by 2.8 Ϯ 1.6% and 3.6 Ϯ 3.0% in the UNSUP and SUP groups, respectively. However, there was no significant difference in the amount of change in body mass between the UNSUP and SUP groups.
Body Mass
Muscular Strength, Power, and Running Speed Table 5 shows changes in muscular strength, power, and running speed during the 12 weeks of SUP or UNSUP periodized resistance training in young rugby league players. The 3RM bench press was increased significantly at midtesting and posttesting occasions when compared to the pretest values in both the UNSUP and SUP groups (p Ͻ 0.05). Additionally, the absolute 3RM bench press was significantly increased in the SUP group when compared to the UNSUP group at the posttesting occasion (p Ͻ 0.05). Mean percent change increase in the bench press for the UNSUP and SUP groups during the 12 weeks of resistance training was 15.3 Ϯ 6.9% and 29.8 Ϯ 8.9%, respectively. When compared to the UNSUP group, the SUP group experienced significantly greater percent gains in bench press strength following 12 weeks of resistance training (p Ͻ 0.05). The 3RM squat was increased significantly at midtesting and posttesting occasions when compared to the pretraining measures in both the UNSUP and SUP groups (p Ͻ 0.05). Additionally, the absolute 3RM squat was significantly increased in the SUP group when compared to the UNSUP group at the midtesting and posttesting occasions (p Ͻ 0.05). Mean percent change increases in the squat for the UNSUP and SUP groups during the 12 weeks of resistance training was 25.5 Ϯ 15.8% and 40.1 Ϯ 26.9%, respectively. The SUP group experienced significantly greater percent gains in squat strength during the 12-week period than did the UNSUP group (p Ͻ 0.05).
The chin-up max significantly increased by 45.5 Ϯ 43.9% and 97.0 Ϯ 105.9% in the UNSUP and SUP groups, respectively, after the 12 weeks of periodized resistance training. No significant differences were observed between groups in the chin-up max at the pretraining, midtraining, or posttraining periods. However, the percent change for the chin-up max was significantly greater in the SUP group (p Ͻ 0.05) (Figure 1) .
The vertical jump increased significantly by 6.7 Ϯ 3.9% and 9.7 Ϯ 7.9% in the UNSUP and SUP groups, respectively, after the 12 weeks of resistance training. No significant differences between groups were observed in absolute increase or percent change in vertical jump measures during the 12-week resistance training.
The 10-m sprint times decreased significantly by 1.1 Ϯ 0.9% and 1.2 Ϯ 0.7% in the UNSUP and SUP groups, 
DISCUSSION
This study investigated the influence of direct supervision on measures of muscular strength, power, and running speed during 12 weeks of resistance training in young rugby league players. The main finding of the present study was that direct supervision significantly increased the absolute 3RM bench press and 3RM squat strength after 12 weeks of resistance training in comparison to a matched group that completed the same resistance-training program, unsupervised. Furthermore, although both training groups increased absolute muscular strength, power, running speed, and body mass during the 12 weeks of resistance training, the SUP group demonstrated a significantly greater percentage of improvement than the UNSUP group in the bench press, squat, and chin-up max tests. The SUP group completed significantly more training sessions than the UNSUP group. To date, there has been only 1 comparable study, to our knowledge, that has investigated the influence of supervision on measures of muscular strength and power (19) . However, this earlier study examined the responses to supervised training in 10 men (aged 24.6 Ϯ 1.0 years) who were very experienced in resistance training. In contrast to this previous research, the present study investigated young athletes with relatively little resistance-training experience.
The present study demonstrated that the absolute 3RM bench press and squat strength was significantly increased after 6 and 12 weeks of resistance training in both UNSUP and SUP environments in young rugby league players (Table 5 ). The significant differences in absolute strength between groups in the squat were identified after 6 weeks of training, whereas the differences between groups for the bench press were found after 12 weeks of training. The increases in the bench press and squat strength in the SUP group were most likely due to the increased total training loads completed during the training period. In particular, it appears that increased training frequency and possibly an increased daily training intensity contributed to the increased strength adaptations in the SUP group. This suggestion is supported by the present finding of a significant relationship between training attendance and increases in strength for both the bench press (r ϭ 0.35, p Ͻ 0.05) and the squat (r ϭ 0.35, p Ͻ 0.05).
The resistance training prescribed for the subjects in the present study was the same for both experimental groups, with the exception of training attendance rates and possibly mean training load. Both of these factors may explain the increased strength gains with supervision. Although daily training intensity was not accurately recorded in the present study, previous research suggests that training intensity is increased with direct supervision (19) . For example, Mazzetti et al. (19) reported that direct supervision by personal trainers resulted in accelerated progression in training loads during 12 weeks of linear periodized resistance training in 10 men experienced in resistance training. These investigators suggested that the increased tolerance of heavy training loads leads to the stimulation of higher threshold motor units (27) . Therefore, we suggest that both the observed increase in training frequency and the previously reported increase in training intensity (19) are the factors that led to the improvement in muscle strength with direct supervision in this study.
A possible explanation for the accelerated increase in the squat strength gains when compared to the bench press strength gains is that the young rugby league players had learned the technical skill of squatting. Previous authors have reported that resistance training in young athletes increases motor performance and lifting technique (10) . The influence of direct supervision and increased coaching by the supervisors most probably improved squatting techniques early in the program for the SUP group and is therefore the most likely explanation for the early differences in measures after 6 weeks of training.
The magnitude of the relative strength increases in the present study appears to be larger than those observed by previous researchers investigating the effect of direct supervision on muscular strength and power adaptations (19). Mazzetti et al. (19) reported relative strength increases in both the 1RM squat and bench press of SUP strength trainers to be 33.0 Ϯ 4.2% and 22.0 Ϯ 2.2%, respectively, which are less than those measured in the present study. We suggest that the increased strength gains in the present study are primarily due to accelerated neural adaptations and the learning of lifting techniques. This may explain the difference in the magnitude of relative strength changes: the experienced lifters in the previous study would have already learned the lifting skills and gained most of the benefit of the neural changes associated with commencing strength training. Additionally, the young athletes of the present study were at the approximate stage of maturation reported to be associated with accelerated strength improvements, which may have contributed to the increased strength gains in the present study (18) .
Previous studies of young athletes have reported strength increases of up to 76% (10). However, adoles-cents are more likely to increase strength by 20 to 50% with carefully planned, short-term resistance training (5-20 weeks) like that in the present study (24, 28, 30, 33, 34) . The strength increases measured in the present study are comparable to these previous findings. In addition to these strength increases in both conditions, there was a significantly increased percent change in the 3RM squat, bench press, and chin-up max in the SUP group when compared to the UNSUP group. These findings further support the efficacy of the direct supervision of resistance training in young athletes. We suggest that the gains observed in the present study are due to both neural and hypertrophic adaptations, which are increased with direct supervision. Neural adaptations such as increased recruitment of muscle fibers, increased speed of recruitment, improved synchronization of muscle recruitment, and decreased muscle inhibition have been suggested to be the most significant contributors to improvement in strength performance in short-term training studies (8-12 weeks) and in untrained athletes (7, 22, 29) . Considering the low level of resistance-training experience in the present cohort (Table 1 ) and the findings from previous studies (7, 22, 29) , it seems reasonable to suggest that these neurological adaptations are contributors to the increases in strength observed during the present study.
In addition to neural adaptations, it is suggested that muscle hypertrophy contributed to the increases in strength. This suggestion is somewhat supported by the increased body mass during the 12-week study in both groups. Previous studies have shown that high-intensity resistance training increases the hypertrophic responses in studies of relatively short duration (11, 16, 31, 32) . For example, Fry et al. (11) reported increased muscle hypertrophy in 32 college-aged students during 8 weeks of twice-weekly resistance-training sessions (1 session of 6-8RM and 1 session of 8-10RM). In this previous study in which the training was similar to that in the current study, the muscle fiber area of type II fibers was hypertrophied twice as much as type I fibers. These previous findings indicate that some muscle hypertrophy had occurred in the type II fibers of the athletes in the present study.
In accordance with strength measures, muscular power measures of vertical jump and 10-and 20-m sprint times were enhanced significantly with 12 weeks of periodized resistance training in both the UNSUP and SUP groups. However, in contrast to the strength measures, there were no between-group differences in these measures ( Table 5 ). The lack of difference between the UN-SUP and SUP groups was not unexpected, as the training was not specific to sprinting, and increased sprint times were not the primary goals of the periodized resistance training. Furthermore, the resistance training was designed so that the athletes completed heavy lifts at low velocity, which is at the opposite end of the force-velocity curve to sprinting.
The enhancement in the 10-and 20-m sprint performances is similar to that observed in previous research examining the influence of resistance training on sprint performances in young athletes (21) and mature athletes (9, 23) . For example, an 8-week resistance-training program in 30 well-trained recreational athletes demonstrated a 2.3% increase in sprint performance (23) . Furthermore, the sprint times at the conclusion of the 12-week program in this study are similar to those reported in semiprofessional rugby league players (12) and are faster than those reported in young club-level rugby league players (13) . This suggests that resistance training is an important aspect in the athletic preparation of young rugby league players. Similar to the other measures of muscular power in the present study (vertical jump) and the measures of muscular power in previous studies (19) , sprint times improved with 12 weeks of heavy resistance training, with no differences with direct supervision.
The observed changes in measures of muscular power are in accordance with previous research (19) , which also reported increased power measured during a jump squat with 12 weeks of periodized resistance training but no effect of supervision. These previous investigators suggest that the lack of change between groups in power output was due to the lack of specificity in the resistance-training program. Accordingly, it is suggested that future studies examine the influence of supervised sprint, power, and plyometric training on measures of muscular performance.
Body mass increased significantly after 12 weeks of training in both groups. These results agree with previous research that reported increased body mass, fat mass, and fat-free mass with 12 weeks of supervised resistance training (19) . However, in contrast to this previous study, similar changes were observed in both the SUP and UN-SUP groups. Considering the age of the subjects in the present study, it seems reasonable to suggest that some of the increase in the body mass measures in both groups of the present study was due to normal changes associated with puberty (15, 17) . Maturation effects may also partially explain why the relative changes in strength and power in the present study are greater than those previously reported in experienced strength trainers (19) . However, because body composition was not directly assessed, an accurate comment on the mechanism of body mass change is difficult.
Success in sports such as rugby league may be achieved by increasing inertia and momentum, which may be due to the body mass gain associated with resistance training (12, 20, 26) . The increase in body mass in the present study is fundamentally important to young rugby league players, as increased body mass has been shown to be associated with rugby league performance in some studies (6, 12) . Furthermore, earlier research suggests that players with increased body mass are more suitable to playing rugby league as a forward (12, 20, 26) . Therefore, it appears that the direct supervision of resistance training in young rugby league players may contribute to increased performance, particularly in young forwards.
In agreement with previous research (19) , the present results show that the direct supervision of a 12-week periodized resistance training by a trained strength and conditioning coach will increase the rate of strength adaptation in young athletes. It appears that increases in strength adaptation are related to increased training attendance and, possibly, increased training intensity. Future studies should examine the effect of the optimal amount and type of supervision on the development of muscular size, strength, power, and endurance as well as sports-specific performance. Of particular interest to rugby league strength and conditioning coaches is the effect of supervision on sport-specific power. This is of particu-lar relevance for these athletes and coaches, as recent studies investigating differences between professional and semiprofessional rugby league players demonstrated that increased power differentiated the elite from the subelite rugby league players (4, 6) .
PRACTICAL APPLICATIONS
Previous studies suggest that a lack of supervision results in inadequate workout quality (14) . It has recently been reported that mean daily training loads and muscular strength and power were increased with direct supervision (19) . In support of these findings, the present investigation demonstrates that training adherence and muscular strength are also improved with the direct supervision of a qualified strength and conditioning coach. The present findings provide strong support for the direct supervision of resistance training in young athletes. In the practical setting, the direct supervision of resistance training by appropriately qualified strength and conditioning coaches will significantly augment the absolute strength and percent increases of supervised athletes when compared to unsupervised athletes. Improvements in strength are of considerable benefit to young athletes in many sports, because stronger, faster, and bigger athletes have been suggested to perform at an increased level (6, 12, 13) . Additionally, the present results have important applications for scientific studies examining the benefits of resistance straining. These results indicate that future studies should accurately control and report on the type and level of supervision of resistance training, because supervision can influence physiological and performance results independent of the training program. Finally, the direct supervision of training sessions by trained strength and conditioning coaches may offer other advantages to athletes, such as improved technical feedback, increased safety, increased motivation, and increased competitiveness at training.
